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This report is concerned with a theoretical study of the radiation
2t MOS devices and ICs. This topic has been a field of
st interest since such devices were found to be sensitive to
imnizing radiation. During the past two decades, many experiments
have been perftoromed in this area, however, no comprehensive theory
has been proposed to explain these phenomena. Ten yvears ago, an
attempt was made to apply linear response theory in the work of
Derbenwick and Sandee.? Artually,  in this work, a convolution
integral was introduced, but a fgundation based on linear rasponse
theory nat  presented. The name itself (linear r“apon%e
4ppu&l€d nearly ten yvears later, in the work of Oldha

theory)

this we theory can desoribe s  very
WJQV]HH romse phenomena in MOS devices, Such a
tremsly important as the very first  phenonenologloal
in this field., Howsver, the wav it has been presented in
not provide an understanding or enable one
sxisting experimental data.
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In our previous report, a sound foundation for the application of

linegar response theory to radiation effects in integrated circuits

“nf‘d +or the first time. in that report, a more general
: derived:

GV Ry =

This eguation describes both short- and long-term annealing  as
wall as simultanegus irradiation and annealing.
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For our purpose, it is convenient to break Eqg. (la) into  three
interval s:

t. t Tt

SV LY = DJR(T)dT + DIR(T)dT """" DR vy, (2)

£ 1. )

In this expraﬁgimn, the first is independent of time and is
proportional  to the total dose. Im particular, for  the 1Indk)

model , one has
SV = Do ARG/ DNene? 1n{1+De o/ Dal — A+ 1. ' (%)

The time dependence comss in through  the second and  thicd

integrals on the right-hand side of Eg. (27, which describes  the

pure annealing. For a zsmall time interval, d&tst.—-t, after the

e time L., the second integral can be calculated to  any
magnitude in §t/6., namely

v,
[
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DR (ridy = D& Rdb, )y = 1/72D0SE=ym7 (t.y +
.'.‘

= Deow (FLA0- 0 IREY + 1/72(80/70 08 R (£, +

L/AZ(EE b, ) RE 2Ry (£, ) ],
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Im particular, for the 1n(t) model, the first-, second- and third-—
order terms are given as follows:

For the oa
simplifi

sions can be
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Deoe (SE/t, D) [ALN (St /L) —(A+C) I (8)
In this integration, we have assumed tod<dt.
Solding Eags. (5 and (8), we obtain a complete first-order term:
FV ) T Do (/01N Dewe/De)~11. ()

Eq. (2}, together with Egs. (&) and (7)), are very important for the
interpretation of short-term annealing. This part of the
annealing curve has s far not  been described analvtically,
although a wealth of experimental data existst ™%, In particular,
the constant A and its temperature dependence in  the case of
thaermal annealing can be determined experimantally. Al so, the
temperatw e deperndence of A and t, can be separated.

of  linesar response theory has so far not  been

study of the rebound effect. The In(t)

the response function has been accepted for  the

the  annealing behavior  of radiation-induced

The application of a single response

nehenko 2t al . ¥ appears to be feasible.
cted phenomenon below:

The applic
dJustified

depandence
description

[ # 1
function
We shall

function, Ry, az the sum of two response

functions:

ROE) = Anln i+t ) =D —~ Aaln (1+t/t e ) +00 (10}

R =0nln it /bt +Anin it e/t ) ~On

-,

“'f:'l.a Imit At @) Heln(h A cee" +':«- u (11)

ROEY=81nit/ tey) -T2 (123
Here we have one single responss function, where

FS e anidd

=3 SR G S P N o - ¢ . F p
L*"“\ Lo Ty 1 [ t =) e t - :‘ + Flgm ] L t o +‘ @ " l j !

of time. The most natuwral ohoics

Te can be any o

ther,
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Linear response theory has been applied in the field of radiation
effects in integrated circuits, specifically to short—term
annealing and the rebound effect. Application to short-term
annealing was made possible by Eqg. (1), which was derived in the
previous report. A simple analytical expression for short-term
annealing has thus been obtained, which simplifies analysis of the
evisting experimental data and s new esperimental studies
and, tor the first time, the response function for ths  rebound
effect has been derived. We have thus shown that the oorrect
application of linsar responss theory provide @ vary powsrful
method for  the analyvsis of radiation effects in  integrated

ciroultas.,
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